Abstract -In previous works, significant variation in morphometric and molecular characteristics was detected among populations of M. beecheii. Here RFLP tests of the internal transcribed spacer 1 of the ribosomal gene were performed to confirm those results and to evaluate the intraspecific variability within the species. The complete ITS1 region and the flanking regions showed length variation (1720 to 1670) and also three different restriction patterns that allowed differentiation of three groups of colonies with different geographic distribution. Mexican colonies from Yucatán, Campeche and Chiapas, together with one colony from northern Guatemala formed one group, a second was composed of colonies from southern Guatemala, El Salvador and Costa Rica and a third one corresponded to one colony from San Marcos (Guatemala but close to the Mexican border). Such test could be used to characterize locally adapted ecotypes subject to conservation efforts. stingless bees / Melipona beecheii / ITS1 region / RFLP / genetic variability
INTRODUCTION
The stingless bee Melipona beecheii (Bennett, 1831 ) is native of the tropical region of the American continent and has a natural distribution ranging from Mexico to Costa Rica (Ayala, 1999) . In Mexico, the breeding and management of this stingless bee (known in the Mayan language as "xunan kab" or "colel kab") has been practiced in the Yucatán Peninsula since the time of the Maya civilization (Weaver and Weaver, 1981; González-Acereto and De Araujo, 2005;  Corresponding author: P. De La Rúa, pdelarua@um.es * Manuscript editor: Walter S. Sheppard González-Acereto, 2008) . This bee builds its nests in the trunks of living trees and is exploited for honey production. In addition, the cultivation of stingless bees represents an advantage for many species of native and endemic flora that are mainly pollinated by native bees (Heard, 1999) . At present, M. beecheii populations are under threat due to the intense degradation of the Yucatecan forest (González-Acereto, 1999; Quezada-Euán et al., 2001; Villanueva et al., 2005) .
In spite of their ecological and cultural importance, there are few molecular studies on the genus Melipona. Recently, FernandesSalomão et al. (2005) species distributed in Brazil. Due to the long size of this region (around 1400 bp), a shorter fragment (400-500 bp) was PCR-amplified in eight Melipona species and its phylogenetic utility was confirmed. The usefulness of the ITS1 region has been also determined for intraspecific studies in the Brazilian species M. subnitida (Cruz et al., 2006) . In that work, partial 3' sequences of the ITS1 region (654 bp) of samples from 13 locations of the Northeast of Brazil were sequenced. A marked variation was observed in the specimens analyzed, related to the ancient origin of this species and the low rates of gene flow among the populations. Despite these conclusions, no correlation was observed between the ITS1 divergence and the geographical distance of the sampled localities, suggesting that the M. subnitida specimens may correspond to isolated populations.
In the present work, intraspecific sequence variation in the ITS1 region was assessed through a RFLP (restriction fragment length polymorphism) approach in M. beecheii specimens sampled from different localities in Mexico, El Salvador, Guatemala and Costa Rica.
The information depicted from the molecular analysis could be relevant to characterize the different populations and to establish appropriate protection and conservation strategies as some of them could be considered as locally adapted ecotypes.
MATERIALS AND METHODS

Sample collection
Samples of worker M. beecheii were collected in Mexico (Yucatán Peninsula, Campeche and Chiapas) and in Guatemala, El Salvador and Costa Rica. The collection sites and number of sampled colonies are listed in Table I . Each sample consisted on 10-20 adult worker bees collected from the inner nest of each colony. All samples were preserved in absolute ethanol at -20
• C until used for the molecular analyses.
DNA extraction and PCR amplification
Three legs were dissected from one bee per colony and air dried to eliminate the ethanol. Total 
genomic DNA was extracted using the DNeasy tissue kit (QIAGEN) following manufacturer instructions. The total dilution volume was 100 μL. Four μL of DNA template were taken for the PCR amplification.
Primers used for the amplification of the complete ITS1 region were cas18sf1 and cas5p8sB1d (Ji et al., 2003) . The amplification reactions were performed in 25 μL volume with PureTaq TM ReadyTo-Go TM PCR beads (GE Healthcare) in a PTC-200 Thermal Cycler (Biorad). PCR conditions involved an initial denaturation step at 96
• C for 5 min followed by 34 cycles of 96
• C for 45 s, 60
• C for 1 min, 72
• C for 1 min. The last cycle was followed by a final extension of 72
• C for 10 min. The amplified fragments were analyzed by electrophoresis in 1.5% agarose gels stained with ethidium bromide.
RFLP analyses
Amplified ITS1 region of one worker bee of each sampled colony was digested with the following restriction enzymes: EcoRI, EcoRV, Esp3I, FokI, HphI, NruI, NciI, TasI, Tsp45I and SacII. The reactions were conducted at 37
• C, except for the enzyme TasI (65
• C), in a PTC-200 Thermal Cycler (Biorad) for 16 hours. The digested products were electrophoresed in 2% agarose gels, stained with ethidium bromide and documented under UV light. Restriction maps were inferred from the RFLP patterns.
RESULTS
The total size of the PCR amplified region (including the partial 18.5S and 5.8S and the complete ITS1) in the M. beecheii specimens varied from ca. 1720 bp observed in those colonies located in Mexico and northern Guatemala to ca. 1670 in those from southern Guatemala, El Salvador and Costa Rica.
Two of the restriction enzymes used in the RFLP assays did not cut the ITS1 region of any of the M. beecheii specimens (EcoRI and EcoRV). The other eight enzymes presented different number of restriction sites ranging from three (enzyme TasI) to one (enzymes FokI and NciI) (Fig. 1) .
With the enzymes NruI and Esp3I two groups of colonies could be recognized, one formed by the colonies from Mexico and northern Guatemala and a second one by the colonies from southern Guatemala, El Salvador and Costa Rica. With the enzymes HphI and Tspe45I the colony from San Marcos located in Guatemala, but close to the Mexican border, could de differentiated from the other two groups that were almost indistinguishable despite a slight size difference in one of the bands due to the difference in the size of the amplified region (Fig. 2) . The other enzymes did not show significant differences in the restriction patterns among the M. beecheii colonies of different origins. Therefore three restriction patterns were obtained that showed different geographical distribution: ITS1-A was observed in colonies from Mexico and northern Guatemala, ITS1-B ranged from southern Guatemala, El Salvador to Costa Rica and ITS1-C was restricted to the colonies from San Marcos in Guatemala but close to the Mexican border (Fig. 3) .
DISCUSSION
The size of the PCR amplified region obtained in the specimens of M. beecheii varied Figure 2 . RFLP patterns obtained with the enzyme Tsp45I. The pattern ITS1-A was observed in the specimens of M. beecheii from México (Yucatán, Campeche and Chiapas positions 1, 2 and 3 respectively) and also in northern Guatemala (Petén, positions 8 and 10), the pattern ITS1-B has been observed in specimens from El Salvador (4) and southern Guatemala (Alta Verapaz, Chiquimula and Retalhuleu in positions 5, 6 and 9 respectively), the pattern ITS1-C (position 7) has been only detected in San Marcos (Guatemala). M is the GeneRuler 100bp DNA ladder plus (Fermentas). from ca. 1720 to ca. 1670 so, excluding the flanking conserved regions of the 18S and 5.8S genes, the total size of the complete ITS1 region was about 1520 bp in the Mexican and northern Guatemala specimens, 1469 in those from southern Guatemala, El Salvador and Costa Rica and 1457 in the specimens from San Marcos (Guatemala). The size is within the range observed in other species (Cruz et al., 2006) . Within the Hymenoptera, larger sizes as those reported here have been also found in the egg parasitoids of the genus Trichogramma (1300-1350 bp, Sappal et al., 1995) . On the other hand within the family Apidae an extreme variation in the size of the ITS1 region has been observed as in the species Anthophora abrupta the estimated size was 83 bp (Sheppard and McPheron, 1991) , in the Apis mellifera subspecies this region is 132 bp long (De la and in Bombus lapidarius is also small (289 pb, Ji et al., 2003) . A similar situation of extreme length and length variation has been detected in the ITS1 region of ladybird beetles of the family Coccinellidae (von der Schulenburg et al., 2001) ; in this case the size of the ITS1 region ranged in length from 791 to 2572 bp. This difference was attributed to the presence of repetitive elements, as has also been reported for the ITS1 region of Melipona species (Fernandes-Salomão et al., 2005) . These repetitive elements usually appeared at the middle of the sequence and are free of functional constraints.
In this work M. beecheii was characterized by three restriction patterns (ITS1-A, ITS1-B and ITS1-C) congruent with the geographic distribution of the samples. Those colonies located in the Mexican states (Yucatán, Campeche and Chiapas) and at the northern side of Guatemala (Petén) were characterized by a longer length and the RFLP pattern ITS1-A, whereas those colonies from the southern part of Guatemala to Costa Rica showed smaller length and the RFLP pattern ITS1-B. The colony from San Marcos (Guatemala but close to the Mexican border) showed an intermediate length and a third RFLP pattern named ITS1-C. These results fully agree with the variation previously reported in the ITS2 region of the same samples (De la and also with that observed in other samples from México (Yucatán) and Costa Rica that were analysed with other molecular markers (mitochondrial cox1 gene and microsatellites) and morphometric characters (Quezada-Euán et al., 2007) . Carrillo et al. (2001) found differences between populations of M. beecheii from Chiapas and Yucatán using the face coloration of the clypeus and malar area, but such differentiation was not seen with the molecular marker described in the present study.
Given the length and the complex sequence of the ITS1 region, RFLP analyses have proven to be a fast and inexpensive approach to study variability of the genus Melipona at both inter and intraspecific levels. FernandesSalomão et al. (2002) used four restriction enzymes and eleven Melipona species collected in Brazil in an attempt to clarify the phylogenetic relationships within the group. Their results were comparable to those obtained with RFLP of the entire mitochondrial molecule and the cox1-cox2 genes, and also electrophoretic profiles and karyotype analysis. Our data support the usefulness of the ITS1-RFLP approach at the intraspecific level.
The extensive distribution of M. beecheii encompasses diverse environmental conditions and associated habitat types. Therefore, it is possible that many locally adapted ecotypes have arisen (Morrone, 2006) . Our results give additional evidence to further support genetic differences between geographically isolated populations of M. beecheii (Camargo et al., 1988; Quezada-Euán et al., 2007) . The extent of the morphological differences of M. beecheii from Belize, the Yucatán Peninsula and the Greater Antilles (Cuba) may justify their placement in a separate subspecies, M. b. fulvipes, different from its sister species, M. b. beecheii present elsewhere in Central America (Camargo et al., 1988) . The distribution of ecotypes in our work seems in agreement with the former hypothesis but the analyses of more populations are needed in order to confirm these differences. It is also interesting that in spite that M. beecheii was the only widely used species for stingless beekeeping across Mesoamerica , González-Acereto, 2008 , molecular differences are still evident between geographic regions which suggest that little movement of colonies was conducted between localities by the Mayan. Alternatively, the present distribution of ecotypes may reflect a human movement of colonies only between certain regions (Chiapas and Yucatán but not into or from Central America). Stingless bees show reduced vagility, thus, they may have had difficulties in naturally dispersing further away from the localities where they were established by the Mayan. Geographic barriers such as the mountain chain of the Sierra Madre del Sur may have stopped further contact between populations north and south of this barrier.
The genus Melipona probably dispersed across a proto-Antillean archipelago between South America and Mexico before the Panama bridge arouse in the Miocene (Camargo et al., 1988) . In Central America, vicariance has been proposed to explain the disjunctive distribution of sister Melipona species. Similar events may also explain the separation of M. beecheii in morphologically and genetically different ecotypes.
In summary, the ITS1 molecular data revealed sufficient genetic variation within M. beecheii to associated polymorphisms with geographic origin. Furthermore, the ITS1 information obtained by PCR-RFLP analyses was concordant with the population differentiation estimated using morphological and molecular (mitochondrial and microsatellite) criteria. The inferences in this study are based on sequence data from a singular region in the rDNA array and may be distorted by unknown selective constraints. To produce a more representative analysis of the utility of this marker for the phylogeny and molecular characterization of these endangered bees, it will be necessary to analyse additional Melipona species and other mitochondrial and/or nuclear genes together with morphological comparisons.
